Abstract: Amylases constitute one of the most important groups of enzymes for commercial use. In the present study, production of α-amylase was optimized using a newly isolated actinobacterial strain from the coral reef environment of the Gulf of Mannar Biosphere Reserve, India. It was identified as Streptomyces sp. ML12 based on chemotaxonomy, cultural and morphological characteristics, carbon source utilization and 16S rRNA gene sequencing. Fermentation variables were selected in accordance with the Plackett-Burman design and were optimized by response surface methodology. Five significant variables (rice bran and wheat bran -both agricultural byproducts, sodium chloride, magnesium sulphate and incubation period) were selected for the optimization via central composite design. The optimal features were rice bran (5.5 g/100 mL), wheat bran (5.3 g/100 mL), sodium chloride (2.8 g/100 mL), magnesium sulphate (1.4 g/100 mL) and 8 days of incubation period. Optimization of the medium with the above tested features increased the amylase yield by 4.4-fold.
Introduction
Starch constitutes the most abundant rapidly renewable source of energy for living organisms. This heterogeneous polysaccharide, composed of two highmolecular weight components: linear amylose (α-1,4-linked D-glucose residues) and branched amylopectin (containing both α-1,4-and α-1,6-linked D-glucose residues) , is degraded predominantly by hydrolytic enzymes called amylolytic enzymes (Hostinova 2002) . They can be simply classified into two groups: exoacting enzymes or exo-hydrolases, and endo-acting or endo-hydrolases. Exo-acting starch hydrolases include β-amylase, glucoamylase, and α-glucosidase. These enzymes attack the substrate from the non-reducing end, producing small and well-defined oligosaccharides, such as maltose by β-amylase (EC 3.2.1.2) and glucose by glucoamylase (3.2.1.3) (Bertoldo & Antranikian 2001) . Endo-acting enzymes, such as α-amylase (α-1,4-glucan-4-glucanohydrolase; EC 3.2.1.1), hydrolyze linkages in the interior of the starch polymer in a random fashion, which leads to the formation of linear and branched oligosaccharides (Bertoldo & Antranikian 2001) .
α-Amylase has been found in several microorganisms like bacteria (Hagihara et al. 2001; Haq et al. 2003) , actinobacteria (Kundu et al. 2006; Sivakumar et al. 2007 ) and fungi (Ramachandran et al. 2004) . α-Amylases are widely distributed in the species of Streptomyces and are used in the industries, such as food, beverages and fermentation. Production of α-amylase using synthetic media is very expensive and uneconomical. Those media therefore have to be replaced with more economically available agricultural byproducts to reduce the cost (Balkan & Ertan 2007) .
When developing an industrial fermentation, designing a fermentation medium is critical because medium composition can significantly affect the product yield. For commodity products, cost of the medium can substantially affect the overall economics of the process (Silva & Roberto 2001) . The optimization of fermentation conditions, particularly physical and chemical parameters, is thus of primary importance in the development of any fermentation process owing to their impact on the economy and practicability of the process (Francis et al. 2003) . It is well known that medium optimization is approached by either empirical or statistical methods, but the classic or empirical methods have several limitations toward complete optimization (Chen et al. 2002; Saban et al. 2006) .
Traditional methods for optimization are "onefactor-at-a-time" techniques. Unfortunately, this approach frequently fails to identify the variables that give rise to the optimum response because the effects of factor interactions are not taken into account in such procedures (Deepak et al. 2008 ). An alternative strategy is statistical optimization, which allows rapid screening of Table 1 . Plackett-Burman experimental design matrix with amylase production by Streptomyces sp. ML12.
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a number of factors and factor interactions, reflecting the role of each component. Response surface methodology (RSM), a collection of mathematical and statistical techniques, is gaining recognition as a powerful approach for optimizing conditions for the production of industrially important products, such as chemicals and enzymes (Khurana et al. 2007 ). However, there are only a few reports (Saban et al. 2006) concerning the comprehensive optimization of medium composition with the agricultural byproducts as substrate for α-amylase production using RSM. Hence, the present study was performed to optimize the culture conditions of the actinobacterial strain Streptomyces sp. ML12 isolated from the coral reef sediments of the Manoli island of the Gulf of Mannar Biosphere Reserve, India, using the statistical design.
Material and methods

Microorganism
The marine actinobacterial strain ML12 isolated from the coral reef sediments of the Manoli island of the Gulf of Mannar Biosphere Reserve, India, was used in this study.
Identification of the marine actinobacterium
The marine actinobacterium was characterized chemotaxanomically (Lechevalier & Lechevalier 1970 ) and morphologically following the directions given by the international Streptomyces project (ISP) (Shirling & Gottlieb 1966) . Isomeric forms of diaminopimelic acid and whole cell sugar composition using thin layer chromatography of whole cell hydrolysate were studied as described by Hasegawa et al. (1983) . General morphology was determined on ISP2 agar and cultural characteristics of the isolate were determined according to the system proposed by Nonomura (1974) . The spore chain morphology was determined by direct microscopic examination using the 15-day old cultures by observing under a light microscope.
16S rRNA gene sequencing Genomic DNA was extracted from the culture grown on ISP2 broth using the method of Ausubel et al. (1999) . Each 50 µL amplification reaction contained 1 µL template DNA (50-200 ng), 5 µL 10× PCR buffer, 1 µL each PCR primer (20 mM) (27F, 1492R), 1 µL dNTP mix (10 mM), 6 µL MgCl2 (25 mM), 2.5 U Taq DNA polymerase, 2.5 µL dimethyl sulfoxide and 31.5 µL sterile MilliQ water. The reaction conditions were as follows: initial denaturation at 95
• C for 5 min, followed by 30 cycles of denaturation at 95
• C for 30 s, annealing at 55
• C for 30 s and extension at 72
• C for 90 s. A final extension was performed at 72
• C for 10 min (Karuppiah et al. 2011) . Reaction products were electrophoresed on a 1% agarose gel and checked with ethidium bromide under UV light, and then purified and sequenced directly using a Taq DyeDeoxy Terminator Cycle Sequencing Kit and an ABI Prism 3730 automated DNA sequence (Applied Biosystems). Both strands were sequenced as a cross-check by using forward and reverse sequencing primers.
Phylogenetic analysis
Sequence similarity search was made for the 16S rRNA gene sequence of the strain ML12 by applying the sequence to BLAST search (Altschul et al. 1990 ) at the National Centre for Biotechnological Information (USA) server. Phylogenetic analysis was performed using the software package MEGA (Molecular Evolutionary Genetics Analysis) version 4 (Tamura et al. 2007 ) after multiple alignment of data by Clustal-X (Thompson et al. 1997) . A phylogenetic tree was reconstructed using the neighbour-joining method of Saitou & Nei (1987) from Knuc values (Kimura 1980 ).
Optimization of process parameters
Identifying the significant variables using Plackett-Burman design. Present study was aimed at screening the important medium components with respect to their main effects by Plackett-Burman design. The Plackett-Burman experimental design is a two-factorial design, which identifies the critical physico-chemical parameters required for elevated α-amylase production by screening n variables in n + 1 experiments (Plackett & Burman 1946) . The variables chosen for the present study were starch, casein, potassium nitrate, citrate, potassium chloride, magnesium sulphate, sodium chloride, calcium chloride, wheat bran, rice bran and tapioca. The experimental design for the screening of the variables is given in Table 1 . All the variables are denoted as numerical factors and investigated at two widely spaced intervals designated as −1 (low level) and +1 (high level) ( Table 2 ). The effect of individual parameters on the α-amylase production was calculated by the following equation:
where, E is the effect of parameter under study and M+ and M− are responses (α-amylase activities) of trials at which the parameter was at its higher and lower levels, respectively, and N is the total number of trials.
Optimization by RSM. The next step in the formulation of the medium was to determine the optimum levels of significant variables for α-amylase production. For this purpose, the RSM, using a central composite design (CCD), was adopted for the augmentation of total α-amylase production. The significant variables utilized were as follows: rice bran, wheat bran, sodium chloride, magnesium sulphate and incubation period; each of which was assessed at five coded levels (−2, −1, 0, +1, and +2) and a total of 32 experiments were conducted. All variables were taken at a central coded value, which was considered as zero. The minimum and maximum ranges of the variables were used, and the full experimental plan with regard to their values in actual form is provided in Table 3 . The response value (enzyme activity in U/mL) in each trial was the average of the duplicates.
Statistical analysis and modelling
Data obtained from RSM on α-amylase production were subjected to analysis of variance (ANOVA). The experimental results of RSM were fitted via the response surface regression procedure, using the following second-order polynomial equation:
where Y is the predicted response, XiXj are independent variables, β0 is the offset term, βi is the i th linear coefficient, βii is the i th quadratic coefficient, and βij is the ij th interaction coefficient. However, in this study, the independent variables were coded as X1, X2, X3, X4 and X5. Thus, the second order polynomial equation can be presented as follows: The statistical software package Minitab package version 15 was used for the regression analysis of the experimental data, and also to plot the response surface graphs. The statistical significance of the model equation and the model terms was evaluated via the Fisher's test. The quality of fit of the second-order polynomial model equation was expressed via the coefficient of determination (R 2 ) and the adjusted R 2 . The fitted polynomial equation was then expressed in the form of three-dimensional surface plots, in order to illustrate the relationship between the responses and the experimental levels of each of the variables utilized in this study. The point optimization method was employed in order to optimize the level of each variable for maximum response. The combination of different optimized variables, which yielded the maximum response, was determined in an attempt to verify the validity of the model.
Enzyme assay α-Amylase enzyme was assayed according to the method described by Miller (1959) . The reaction mixture contained 200 µL 0.1% soluble starch in phosphate buffer (0.5 M, pH 7.5), 200 µL of diluted enzyme and 300 µL phosphate buffer. The reaction was incubated for 15 min. at 30
• C, followed by the addition of 300 µL of dinitrosalicylic acid and boiled for 15 min in a boiling water bath. Before cooling, 100 µL Rochelle salt (40% sodium potassium tartarate) was added and the colour was measured at 575 nm. One unit of the α-amylase activity was defined as the amount of enzyme that releases 1 mg of reducing sugar as glucose per mL per min under the assay conditions.
Results
Identification of actinobacterium
Chemical characters are being used increasingly in the classification and identification of bacteria and they have been responsible for some of the improvements in the taxonomy of the actinobacteria (Lechevalier & Lechevalier 1970 ). These organisms have been arranged into several groups on the basis of the limited distribution of certain amino acids and sugars found in significant amounts in the peptidoglycan layer. Examination of whole-cell hydrolysates will give sufficient data for accurate identification. Hence, this aspect was studied.
Strain ML12 showed the presence of LL-DAP along with glycine in the peptidoglycan layer with no other characteristic sugar pattern, indicating that the strain belongs to the cell wall chemo type 1. The genera belonging to the wall type I are Streptomyces, Streptoverticillium, Chainia, Actinopycnidium, Actinosporangium, Elyptrosporangium, Microellobosporia, Sporichthya and Intrasporangium (Lechevalier & Lechevalier 1970) . It is important to note that the presence of spores in a long chain occurring on the aerial mycelium and branched nature of the substrate mycelium eliminate all the genera having the cell wall type I except Streptomyces (Lechevalier & Lechevalier 1970 ). This clearly indicated that the strain ML12 belongs to the genusStreptomyces, as the strain possessed spores in a long chain on the aerial mycelium.
DNA was isolated from the strain ML12 and 16S rDNA was amplified through PCR which showed the molecular weight of 1.5 kb using the universal primer 27F and 1492R. The amplified product was purified and sequenced. A 1,453 bp of 16S rRNA gene sequence was determined for the strain ML12, which was submitted to the GenBank under the accession number HM590052.
Comparison of the 16S rRNA gene sequence of the strain ML12 (1,453 bp) with previously obtained sequences of Streptomyces species deposited in the GenBank indicated that this organism is phylogenetically related to the members of the genus Streptomyces. A phylogenetic tree based on 16S rRNA gene sequences of members of the genus Streptomyces was constructed according to the neighbour-joining method (Saitou & Nei 1987) and MEGA 4 package (Tamura et al. 2007 ). For the neighbour-joining analysis, a distance matrix was calculated according to Kimura's two-parameter correction model. The rooted phylogenetic tree ( Fig. 1) indicated that the strain ML12 formed a distinct branch. S. olivaceus, S. globisporus, S. mediolani and S. griseinus were found to be the closest phylogenetic members to the strain ML12 with 98.6% similarity. A comparison was thus made between the strain ML12 and its closest phylogenetic relatives for the following properties, i.e. cultural, morphological and physiological (carbon sources utilization) characteristics. Results showed that S. olivaceus, S. globisporus, S. mediolani and S. griseinus differed when compared with the strain ML12 in the characters, such as aerial mass colour, production of soluble pigment, melanoid pigment and utilization of carbon sources (Table 4), indicating that the strain ML12 merits new species status.
Screening of significant variables using PlackettBurman design A total of eleven variables were analyzed with regard to their effects on α-amylase production in Streptomyces sp. ML12 using the Plackett-Burman design. The design matrix selected for the screening of significant variables for α-amylase production and the corresponding responses are shown in Table 1 . Adequacy of the model was calculated, and the variables evidencing statistically significant effects were screened for each factor (Table 5 ). Sodium chloride, with an effect of 70.31, was determined to be the most significant factor for the α-amylase production, followed by magnesium sulphate (20.97), rice bran (20.97) and wheat bran (11.10), whereas the other variables, tapioca (−1.23), citrate (−6.17), starch (−11.10), potassium nitrate (−16.04) and casein (−43.17) exerted a negative effect on the α-amylase production. The significant variables identi- fied, i.e. sodium chloride, magnesium sulphate, wheat bran and rice bran were selected along with the incubation period to further determine the optimum levels by CCD.
Optimization of significant variables using CCD In order to search for the optimum combination of major components of the medium, to enhance the α-amylase production, experiments were performed according to the CCD experimental plan. The experimental design for the various treatments was based on a preliminary work, which established that an optimum could be found within the range of parameters studied. The mathematical model relating to the α-amylase production with the independent process variables, X 1 , X 2 , X 3 , X 4 and X 5 , is given in the second-order polynomial, Eq. (3): where Y is the response variable of the α-amylase activity (U/mL) and X 1 , X 2 , X 3 , X 4 and X 5 are the values of independent variables, rice bran, wheat bran, sodium chloride, magnesium sulphate concentration (g/100 mL) and incubation period respectively. The average of the α-amylase activity of triplicate values obtained was taken as the dependent variable or response Y. The combination of variables and experimental results are presented in Table 3 .
The corresponding analysis of variance (ANOVA) is presented in Table 6 . The F value is a measure of variation of the data about the mean. Generally, the calculated F value should be several times greater than the tabulated value if the model is a good prediction of the experimental results and the estimated factor effects are real. Also, the high F value and a very low probability (p > F = 0.00) indicate that the present model is in a good prediction of the experimental results.
The Student t-distribution and the corresponding p-values along with the second-order polynomial coefficients were evaluated using Minitab package version 15. The p-value serves as a tool for checking the significance of each of the coefficients. The pattern of interactions between the variables is indicated by these coefficients. The variables with low probability levels contribute to the model, whereas the others can be neglected and eliminated from the model. 
respectively. The p-values suggest that the coefficients for all effects are most significant expect the linear term of X 4 and X 5 .
The coefficients for quadratic effects of rice bran (X 2 1 ), wheat bran (X 2 2 ), sodium chloride (X 2 3 ), magnesium sulphate (X 2 4 ) and incubation period (X 2 5 ) were significant. The probability value of the coefficient of linear effect of sodium chloride (X 3 ) and magnesium sulphate (X 4 ) was high (0.145 and 0.483, respectively), indicating that it did not significantly affect the α-amylase yield. However, the coefficients of interactive effects of rice bran and sodium chloride, rice bran and magnesium sulphate, wheat bran and sodium chloride, wheat bran and magnesium sulphate, sodium chloride and magnesium sulphate, sodium chloride and incubation period and magnesium sulphate and incubation period had a value of 0.0, 0.015, 0.0, 0.0, 0.171, 0.0 and 0.0, respectively, which are significant. Thus, it was evident from the results that though the linear effect of sodium chloride (X 3 ) and magnesium sulphate (X 4 ) was not significant for the α-amylase production, their addition in the medium enhanced the α-amylase activity because of their interactive effect with rice bran, wheat bran and incubation period.
The three-dimensional response surface plots (graphical representations of the regression equation) are presented in Figure 2 . The main goal of response surface is to efficiently hunt for the optimum values of the variables, such that the response is maximized. The surface plots affirm that the objective function is unimodal in nature, which shows an optimum in the centre. The central optimum point was evaluated using gradient method in the direction of steepest ascend of media for the α-amylase production evaluated from the surface plots. The optimal values of rice bran, wheat bran, sodium chloride, magnesium sulphate and incubation period were estimated in actual units and they were 5.5 (g/100 mL), 5.3 (g/100 mL), 2.8 (g/100 mL), 1.4 (g/100 mL) and 8 days, respectively, with a predicted α-amylase activity of 39.314 U/mL. Confirmation experiment was conducted for these predicted optimum conditions and α-amylase activity from the experiment was 42.412 U/mL. This was higher than the predicted value which reveals the higher accuracy of the model.
Discussion
While there are several reports on the control of extracellular α-amylase production by actinobacteria (Sivakumar et al. 2007 ), optimization of cultivation conditions is expected to improve the enzyme production. In this study, optimization of α-amylase production by a marine actinobacterium using two different statistical designs was investigated.
Major approaches used for screening and media optimization have been reported by Parekh et al. (2000) . Statistical techniques for experimental design provide with a more accurate and elegant means of designing the best medium (Ray & Kar 2009 ). The most widely used statistical experimental designs are Plackett-Burman design and central composite design (Broedel et al. 2001) . Advantages of the designs include simplicity and assessment of a large number of factors on the relative efficiency of the production process.
In the recent years, application of the agroindustrial residues has represented an alternative step to replace the pure and costly raw materials. Use of such materials would help to solve many environmental problems (John et al. 2006) . Economical production of enzymes by utilizing agro-byproducts, such as wheat bran, rice husk, rice bran, rice straw and sugarcane bagasse is well known (Archana and Satyanarayana 1997; Techapun et al. 2003; Wang et al. 2003; Poorna & Prema 2007) . However, α-amylase production from these substrates has been reported only rarely. Bacillus coagulans and Aspergillus niger have been shown to produce α-amylase by utilizing wheat bran and rice bran in solid state fermentation (Babu & Satyanarayana 1995; Hernandez et al. 2006) . Utilization of rice bran and wheat bran has, however, not been tested for α-amylase production by Streptomyces sp. In present investigation, Streptomyces sp. ML12 exhibited a positive effect, when rice bran and wheat bran were used as substrate. Moreover, as rice bran and wheat bran are cheap and readily available byproducts, production of α-amylase will be cost-effective.
RSM used in this study suggested the importance of various fermentation parameters at different levels. A high similarity was observed between the predicted and experimental results, which reflected the accuracy and applicability of the RSM to optimize the process for enzyme production. A 1.25-2.0 fold increase in the α-amylase production was reported in Bacillus circulans GRS 313 (Dey et al. 2001) and Geobacillus thermooleovorans (Rao & Satyanarayana 2003) by using RSM; carbon (glucose) and nitrogen (soy bean meal or yeast extract) sources significantly influenced the enzyme production. In this investigation, rice bran, wheat bran, sodium chloride and magnesium sulphate gave a higher enzyme yield (4.4-fold increase) in production. Decrease in enzyme yield after the optimum incubation period (8 days) might be due to the denaturation or decomposition of the α-amylase as a result of interaction with other components in the culture medium as indicated by Gangadharan et al. (2006) . Similarly, Streptomyces rimosus produced amylase at 180 h incubation, using the sweet potato residue as the substrate (Yang & Wang 1999) .
Optimization of α-amylase production by Streptomyces erumpens MTCC7314 under submerged fermentation was reported by Kar & Ray (2007) , but it did not deal with statistical optimization of the process. Gouda & Elbahloul (2008) reported the use of statistical design for the production of α-amylase by the halotolerant Penicillium sp. and a 23 IU/mL of enzyme production was achieved. Statistical optimization of α-amylase production by Bacillus amyloliquefaciens resulted in 17.8 IU/mL (Tanyildizi et al. 2006) . In the present study, Streptomyces sp. ML12, utilized wheat bran and rice bran for the enhancement of the α-amylase production which resulted in 42.412 IU/mL. Further, this optimized medium would help to reduce the cost of the production medium.
Results (molecular, cultural, morphological and biochemical characteristics) obtained for the actinobacterial strain ML12 were compared with those of the closest phylogenetic members and the strain merits new species status. Currently, there is a lot of interest in the scientific community around the world in exploiting novel microorganisms. Marine and coral microorganisms, with their unique nature, differ very much in many aspects from their terrestrial counterparts and are known to produce diverse spectra of novel and useful substances. In this context, results obtained during the course of this study indicate the scope for utilization of the coral actinobacterial strain Streptomyces sp.
ML12 for large-scale extracellular α-amylase production.
